To evaluate rpoB gene as a biomarker of microbial biodiversity associated to cold-smoked salmon by a novel nested-polymerase chain reaction/temporal temperature gradient gel electrophoresis (PCR/TTGE) technique applied on pure cultures of reference strains.
Introduction
Cold-smoked salmon is a lightly-preserved fish product which may suffer from spoilage.
Spoilage effects are usually the result of bacterial proliferation. In recent years some studies have considered the specific bacterial flora of cold-smoked salmon and determined the main taxonomic groups associated to the spoiling flavours (Leroi et al. 1998 ; Paludan-Müller et al. 1998 ; Truelstrup Hansen et al. 1998 ; Stohr et al. 2001) . The biodiversity of cold-smoked salmon microflora is complex and varies with the factory considered ).
Many marine Gram negative bacteria, such as Photobacterium phosphoreum, Shewanella putrefaciens, Vibrio spp, as well as Enterobacteriaceae can be present. During the vacuum storage, Lactic Acid Bacteria (LAB)(Carnobacterium piscicola, C. divergens, Lactobacillus curvatus, L. sakei ...) as well as Brochothrix thermosphacta and in some cases yeasts may become dominant (Jorgensen and Huss 1989 ; Truelstrup Hansen 1995 ; Paludan-Müller et al. 1998 ). Knowledge of community structure evolution during storage is important to allow a better understanding of mechanisms involved in spoilage and to master the quality of the product. Microbial cultivation techniques are generally used to investigate microbial diversity in such products. However evaluation of bacterial community evolution using only cultivation techniques have proved its limits. Those are time consuming and culture media used, temperature and oxygen contents create selections that may not accurately reflect the microorganisms really present in the product. Thus, Carnobacterium spp., a dominant bacteria in cold-smoked salmon (Truelstrup Hansen 1995 ; Leroi et al. 1998) , has been underestimated until 1995 because of its inhibition by sodium acetate contained in Mann Rogosa and Sharpe (De Man et al. 1960 ) culture medium.
Therefore, alternate molecular methods such as TTGE, DGGE (Denaturing Gradient Gel Electrophoresis), SSCP (Single Strand Conformation Polymorphism) (Giraffa and Neviani 2001) have proved their efficiency to study bacterial community structure and its evolution in 2 various environments and products (Amann 1995 ; Cocolin et al. 2000 ; Niemi et al. 2001 ; Vasquez et al. 2001 ; Ogier et al. 2002) . Application of molecular methods to cold-smoked salmon was only reported by Cambon-Bonavita (2001) who used an ARDRA (Amplified Ribosomal DNA Restriction Analysis) technique to evaluate the microbial diversity of sliced vacuum-packed cold-smoked salmon.
Community analysis of bacteria using molecular methods is commonly performed by PCR amplification of the 16S rDNA gene. But as it was reviewed by Fogel et al.(1999) , several bands per species could be seen in a high resolution PCR-DGGE analysis due to heterogeneity of 16S rDNA. As a solution, rpoB gene has been described as a suitable gene for PCR-DGGE or TTGE (Dahllöf et al. 2000) since only one band per species was observed and banding pattern from a mixture of bacteria could clearly be related to single isolates.
Here we report a preliminary study where a combination of a rpoB Nested-PCR amplification and TTGE technique was evaluated to differentiate bacterial reference strains, from international culture collection, representative of the main genus or species composing coldsmoked salmon microflora. Method was then applied to strains previously isolated from coldsmoked salmon. 
Materials and Methods

Strains and media
Brochothrix thermosphacta
Extraction of bacterial DNA
5 ml of the bacterial suspension was centrifuged (15 min, 10 000 g). The pellet was washed twice with 1 X TE buffer (Tris 10 mM, EDTA 1 mmol l -1 ) before being incubated (2 h ; 37°C) in 2 ml of a lysosyme (2 mg ml -1 )-Tween80 (0.1%) solution. 2 ml of a proteinase K (Qiagen, Courtaboeuf, France)(100 µg ml -1 )-SDS (1 %) solution was added before incubation (2 h ; 55°C). The phenol extraction and ethanol precipitation method from Ausubel et al. (2002) was performed to purify bacterial DNA.
PCR amplification
Degenerated primers rpoB_1675 and rpoB_2063 (Giacomazzi 2002; Gravelat 2002) were used in the first PCR. Optimal non degenerated primer rpoB_1675 ndg and rpoB_2063ndg (Giacomazzi 2002; Gravelat 2002) were used for a Nested-PCR. A GC clamp (Dahllöf et al. 2000 ) was added to the rpoB_1675ndg primer. 
Results
Amplification of rpoB gene using a Nested-PCR amplification by two different sets of primers led to the amplification of a 418 bp PCR product. All the pure reference strains tested in our study showed a good amplification of the rpoB fragment (Figure 1 ). An important quantity of amplicon (around 60 ng µl -1 ) estimated by DNA ladder comparison on agarose gel was obtained. Migration distance between these strains could be improved by reducing the temperature gradient domain but would lead to the lost of bands associated to Gram negative. 
Discussion
Previous studies have already demonstrated that polymorphism analysis of complex microbial communities, e.g. using DGGE, is more reproducible with rpoB gene than with 16S rDNA (Dahllöf et al. 2000; Peixoto et al. 2002) . Indeed, community structure studies suffer from the occurrence of a multiple copy state in 16S rDNA (Farrely et al. 1995) . The number of 16s operons varies from species to species from one (Amikam et al. 1982 ) to more than 10 copies per cell (Jarvis et al. 1988; Young and Cole 1993) . Moreover, sequence differences between copies of the 16S rDNA gene within a single species favour the occurrence of numerous heteroduplex molecules (Wang and Wang 1997) . In contrast, rpoB is always present as a single copy gene and thus does not suffer from such a discrepancy. However, until recently, rpoB was still considered only as a complementary discriminator on the basis of amplification failure encountered with some strains (Dahllöf et al. 2000) . Bacillus/Clostridium to Actinobacteria, and Proteobacteria from alpha to gamma subdivisions including strains with high GC% offering a new convenient and specific tool for the study of bacterial phylogeny .
They also showed the interest to use Nested-PCR to add the GC clamp for TTGE application in a second step (Sheffield et al. 1989 ; Rosado et al. 1998) . The presence of this GC-clamp was shown to hamper the direct PCR amplification of total bacterial DNA when this primer is used in a single step. To our knowledge, those primers had never been tested on bacterial species described in the present study or in a food matrix. With rpoB gene, a single band was obtained compared to 16S rDNA gene profiles which revealed multiple bands for pure strain. Our study supported the assertion of previous authors that rpoB is a better biomarker because of monocopy state (Dahllöf et al. 2000; Peixoto et al. 2002) . Potentially, we could expect that in a bacterial community structure analysis of cold-smoked salmon, one band in TTGE profile would be associated to one specific species and that the main strains present in a bacterial community could be revealed by this rpoB Nested-PCR-TTGE method.
In conclusion, we showed that Nested-PCR/ TTGE technique is a promising way of investigating bacterial community structure of cold-smoked salmon. Further development considering bacterial DNA extraction efficiency from artificially contaminated and naturally contaminated cold-smoked salmon using Nested-PCR/TTGE technique on rpoB gene has to be undertaken to validate this specific and rapid method of distinction of bacterial community structure in a food matrix.
